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Measurement of Uncertainties

Alex B. Wenzel, Director
Department of Fire Technology
San Antonio, TX

Fire Test LaboratoryWorkshop ~ SOUTHWESTRESEARCH INSTITUTE

Motivation

Q 1S0 17025~ December 31,2002

Test laboratories musthave andapply
procedures for estimating uncertainty of
measurements.

0 IS0 5725 = Guide to the Expression of
Uncertainty in Measurement (GUM)
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What is Uncertainty?

O Doubtthat exists about the result of any
measurementat any level, /.e. national laboratories,
test laboratories, calibration laboratories, and end
users.

Q Tolerances are not uncertainties, but are acceptance
limits.

O Specifications are not uncertainties. Specifications
tell you what you can expectfor a group or type of
instruments.
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Approach to Meet Requirements
Q Calculate measurement uncertainty in
accordance with ISO 5725

QO Support all measurements with uncertainty
budgets

0O Represent as expanded uncertainties using a
coverage factor of 2 to approximate the 95%
confidence level
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Reporting a Measurement

Q “M” =0.00 £ 0.00 (95% Confidence Level)
Q “M” =0.00 = 0.00, 95% CL.

Q “M” =0.00 measuredwith an uncertainty off 0.00
with a coverage factor of 2
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Uncertainty Evaluation

Q Type A Evaluation

B Based on statistical analysis of a series of
discrete observations using

o Samplemean= () _ (—[:7)2 X

o Samplevariance= & =(7V‘11_—1]Z (x, -x)

m Usually at a 5% Confidence Level
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Uncertainty Evaluation
Q Type B Evaluation
8 When the informationis scarce, it is basedon scientific
judgment using all relevantinformation available.
o Previousmeasurementdata

o Experiencewith the behavior and propertyof relevantmaterials and
instruments

o Manufacturer'sstated specifications
e Engineering evaluation
o Dataprovided in calibrationand other reports

e Uncertaintiesassigned to referencedatataken from handbooks
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Combined Type A, B Evaluation

u, = total measurementuncertainty

8El8x; = partial derivative of the defining test equation with
respectto the # individual measurement
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Concerns

Q Testlabs very seldom have enough datato make a
Type A estimate, resulting in uncertainty of Type B
only.

Q Manufacturers of instruments do not always provide
complete uncertainty statements

Q Calibration laboratories should be foilowing 1ISO
17025, but this is an ongoing process and many are
not fully upto speed (calibration laboratories may
require morethan 2 yearsto comply 1ISO 17025)
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Concerns

Q Sometest equipmentis unique and has no means of
outside calibration. Must rely on calibration of
components and subsystems.

O Equipment may have embeddedsensors or transducers
that cannot be removed and reinstalled without
destruction.

Q There is ashortage of accredited callbration
laboratories to meetthe demand of the test
laboratories.

8 Resultsin higher cost

8 Timedelays
SOUTHWESTRESEARCH INSTITUTE

Concerns

Q Foreachincrement of accuracy, cost increases
proportionally.

Q Tolerancesare often used as uncertainties because
manufacturers rarely provide uncertainty data.

Q if routine recalibration shows an instrument to be out
of specification, itcasts doubt onALL test results
generatedwith the instrument since its last
calibration

Q interlaboratory proficiency testing (round robin) is an
option, but it has associated cost to the laboratories.
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Type B Evaluationfor HRR
Measurement—ASTM E 1354

O Evaluation for uncertainty in HRR requires
measurement of

8 Differential pressure, AP
8 Exhaustducttemperature, T,
8 Molefraction of oxygen, Xo,
Q Theinstruments usedto make these

measurements rely onthe following
manufacturer specifications

8 Pressuretransducer = 1%
8 Thermocouple = 0.75%
8 Oxygen analyzer = 05%
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HRR Example

Q Uncertainty calculation assumes a rectangular
distribution found from %ﬁ where ais the

upper and lower range of the limit

QO Expanded uncertainty uses root sum square
method with coverage (k) factor of 2 for 95%
confidence level

& CIREIRCIIC
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HRR Example

2 2 2
"= (@) +(0.75) +{0.50] = 0.78%
NE) NE) NE)

Q Coverage (k) factor of 2
u,=2x0.78% = 1.56%

Q Provides 95% confidence level
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HRR Example

Q HRR=f(AP, T Xog Ah./ry) where
Q  AhJry= 13.1x10%kJ/kg oxygen
¥ A =netheat of combustion
W r, = stoichiometric oxygen/uel mass ratio
® AhJr, = OXygen consumption standard value
R ASTM E 1354 gives an associatederror for
Ah ry of 5%
O Therefore, the error in AhJry mustbe
Incorporated into the root sum square equation
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HRR Example
2 2 u ?
u, = (EMJZ_F(KTLJ + ui + Ah"'" ll%)
' V3 \3) V3 V3 J

) (F) ) ()

u, = 2.99%~ 3%
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HRR Example

Q Approximated “standard deviation”
u, =3%

QO Coverage (k) factor of 2 = expanded uncertainty
u,=2x3%=6%

Q Provides for 95% confidence level
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Summary

Q Uncertainty budget necessary to identify major
contributing factors

Q Uncertainty budget shows the overriding
uncertainty comes from the oxygen
consumption standard value

O Why pursue greater tolerances in pressure
transducers, thermocouples, etc., when largest
contributing factor is inherent inthe oxygen
consumption standard value?
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